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1. Abstract 
  
As the largest freshwater wetland in the world, the Pantanal possesses a wealth of floral 
and faunal biodiversity.  It serves its ecosystems through various functions and the wetland’s 
hydrology is vital to the greater region of South America.  However, the Pantanal faces 
numerous threats from the expansion of industrial soybean agriculture into Mato Grosso, Brazil, 
the largest of which may be pesticide pollution.  Yet, few studies have been conducted to assess 
pesticide contamination of this wetland.  In this study, a qualitative and semi-quantitative 
organochlorine pesticide analysis was conducted.  Water samples were collected June - July 
2012 from three different rivers in the Northern Pantanal: Rio Cuiabá, Rio Perigara/São 
Lourenço, and Rio Piquiri.  Each sample point was visited three times producing a total of 188 
water samples.  These samples were then analyzed with Solid-Phase Microextraction (SPME) 
and Gas Chromatography-Mass Spectrometry (GC-MS).  A land cover analysis based on the 
GlobCover 2009 spatial data set was also conducted to determine forest, agriculture, shrub/grass, 
urban, and water extents in 2km, 5km, 10km, and 25km buffers.  Ten samples were found to 
contain organochlorine pesticide contamination.  The three pesticides identified were endosulfan 
sulfate, p,p’-DDD and m,p’-DDD, at concentrations of 3ppb, 0.5 – 2ppb, and 0.7 – 3 ppb, 
respectively.  The land cover analysis exhibited no notable differences in land use among the 
three rivers.  With this study it was determined that organochlorine pesticides are present in the 
rivers of the Northern Pantanal which can have significant effects on the fauna and flora of the 
wetland.  Organochlorine pesticides are exceptionally potent to organisms and biomagnify in 
food webs.  As soy industrial plantations encroach further on the wetland’s borders, these 
pesticide levels are most likely to increase and, therefore, the health of the wetland and its 
inhabitants could potentially be severely impacted.   
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2. Introduction 
 
Embedded right in the heart of South America, lies the rich and lush Pantanal, the pulse 
of the continent.  As the largest freshwater wetland in the world, it is undoubtedly enormous, 
though has varying estimates on its actual area; the most established being 200,000km
2
, (Dantas 
2000).  Despite its immense range, the Pantanal is rather inconspicuous from the general public 
compared to more well-known wetlands.  For example, the Pantanal is about ten times the size of 
the Everglades, yet is comparatively much less popular, (Gottgens 2001).  Bolivia, Brazil, and 
Paraguay together cradle the Pantanal wetlands, an important component of each nation’s 
ecology, culture, and economy.  The largest portion of the Pantanal lies in Brazil with 70% 
located within its borders, 60% of which is housed in the state Mato Grosso do Sul and 40% in 
Mato Grosso, (Mittermeirer 2005).  The Pantanal is an extremely remote region.  In the Brazilian 
Pantanal, the human population is only 1,100,000, most of which resides in the few cities and 
towns on the interface of the Pantanal and Cerrado, another biome defined by its tropical 
savannah; despite this, 95% of the Pantanal is privately owned, (Mittermeirer 2005).  With a 
tropical climate, the wetland is conducive to the productivity found in the region. The annual 
mean temperature is 25°C with December, the hottest month, having an average temperature of 
27.4°C and July, the coldest month, having an average temperature of 21.4°C.  In the winter, an 
occasional cold front from the Paraná-Paraguai system can drop the temperature as low as 0°C, 
(Alho 1988).  Brimming with natural beauty, the Pantanal enriches the landscape, certainly the 
Shangri-la of the West.   
 As with any wetland, the Pantanal performs numerous functions of vital importance to 
the health of the region.  Naturally, the Pantanal’s hydrological role is fundamental.   The 
Pantanal manifests from the Rio Paraguai, the aorta of the wetland, along with smaller rivers 
4 
 
confluencing into its grand flow, (Wade 1996).  All precipitation and surface flow encompassed 
within the watershed of the Pantanal will culminate into the Rio Paraguai eventually and travel 
farther south, down the river’s track.  Rainfall is certainly a major component of the hydrology 
contributing 1,000-1,700mm of water each year, most of which falls from November to March 
during the wet season of the Pantanal, (Mittermeirer 2005).  Of the months in this wet season, 
December and January experience the greatest intensity of rainfall, (Casara 2012).  Yet, the flood 
cycle is the most crucial feature of the wetland’s hydrology, replenishing the region.  The annual 
flood cycle consists of one dry and wet season, varying in intensity year to year; the Pantanal 
also has a more extensive flood cycle composed of ten years (Mittermeirer 2005).   This flood 
pulse’s impact spans far greater than the Pantanal and greatly contributes to the richness found in 
the floodplain.  Annual flooding during the wet season can raise the water table as much as five 
meters compared to the dry season and can inundate as much as 130,920km
2 
of the Pantanal, 
though as of recently, has more often been around 34,880km
2
, (Gottgens 2001, Mittermeirer 
2005).  Like other wetlands, the Pantanal is able to sorb copious amounts of water, a major factor 
in flood control.  The Pantanal can store almost all the water that enters it for months, (Gottgens 
2001).  Any alteration to this system would have serious consequences further downstream.  
Impeding water flow by as much as two to three months, the Pantanal protects the larger Rio 
Paraná from overflooding, (Swarts 2000).  This is in part due to the slow flow of water through 
the Pantanal from land inclination of just 1.5-3.0cm/km north to south and 30-50cm/km east to 
west, (Mittermeirer 2005).  The water retention of this wetland also procures other benefits.  The 
pools of water that form in the wetland allow for greater uptake of nutrients by the vegetation 
along with the invigoration of microbial processes in river sediments. Contaminants usually 
located in the current are able to settle in the benthos as well, a sink separating the pollutants 
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from the major food web, (Swarts 2000).  One can easily argue that the hydrology defines the 
Pantanal.   
A product of the hydrology, the Pantanal serves as a pristine haven for flora and fauna, 
both in diversity and abundance.  As said by Frederick Swarts, the senior research scientist of the 
Waterland Research Institute, “The Pantanal is one of the greatest reservoirs of plant and animal 
life on the planet,” (2000).  The immensity of species in this wetland is far greater than most 
regions in the world.  In comparison to the Everglades, the Pantanal has a biodiversity that is 
twenty times greater, (Mittermeirer 2005).  This is in part a factor of the transitional habitat the 
Pantanal provides between vastly important biomes.  The Pantanal receives major influences on 
its fauna and flora from both the Amazon and Cerrado in Brazil, and the Chaco in Paraguay, 
(Alho 1988).  The most phenomenal diversity can be seen in the avifauna.  There are over 650 
species of birds identified in the Pantanal, representing an extremely diverse community, 
(Gottgens 2001).  Waterfowl are the most common, often seen speckled across the sky or 
roosting above in the canopy.  One of the reasons for the variety of bird species in the Pantanal is 
that it serves as a breeding ground, as well as a wintering ground for three different migratory 
routes: Central Brazil, Rio Negro, and Cis-Andean, (Alho 1988).  However, the diversity of other 
fauna is just as impressive.  The estimated number of mammals is 124 species, reptiles 177 
species, amphibians 41 species, and fish 325 species, while flora flourish just as well with 3,500 
known species (Mittermeier 2005).  Though this diversity is striking on paper, one can only 
imagine the awe inspired from witnessing the Pantanal biota.   
Many of these species have synched their life history to the rhythm of the Pantanal flood 
cycle.  The initial flooding heralds in the spawning season for fish, which travel towards the 
headwaters of the Pantanalian rivers so that their offspring are born when there is great 
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abundance of food.  In contrast, rookeries, made up of hundreds of different birds, emerge just as 
the flood waters recede, stranding plentiful fish in small pools, a swift snack for the waterfowl, 
(Swarts 2000).  Accommodating this variety of species, the Pantanal oddly calls few its own.  
The Pantanal is exceptionally low in endemism, with a small number of species unique to the 
region, (Mittermeier 2005).  With many species able to call their home the Pantanal, it has been 
the salvation of a plethora of critically endangered species.  Despite the brink of extinction they 
face elsewhere, hyacinth macaws (Anodorhynchus hyacinthinus), jaguars (Panthera onca), and 
giant river otters (Pteronura brasiliensis) have been thriving in bolstering populations in the 
Pantanal ecosystem, (Wade 1996).  These more endangered species are integrated into the 
community of the more common fauna in the Pantanal.  This includes the plentiful caimans 
(Caiman crocodilus), capybaras (Hydrochaeris hydrochaeris), green iguanas (Iguana iguana), 
jabirus (Jabiru mycteria), egrets, herons, ibises, and other waterfowl always present at the river 
edges in the Pantanal.  Slightly rarer species known to reside in the Pantanal are rheas (Rhea 
Americana), marsh deer (Blastocerus dichotomus), pampas deer (Ozotoceros bezoarticus), giant 
anteaters (Myrmecophaga tridactyla), South American tapirs (Tapirus terrestris), caiman lizards 
(Dracaena paraguayensis), and yellow anacondas (Eunectes notaeus), (Mittermeier 2005). 
Evidently, the Pantanal flourishes with an abundance of tropical species.   
Arising from variations in hydrology, topography, and vegetation, an intricate 
conglomerate of habitats quilt the region of the Pantanal.  In spite of its translation into English 
from Portuguese, the Pantanal is much more than just a “great swamp”, representing a blend of 
lakes, rivers, floodplains, palisade forests, and pockets of dry woodlands, (Gottgens 2001).  The 
diversity of habitats in the Pantanal is as equally striking as the biodiversity.  The most dominant 
habitat of the wetland is grassland representing 31.1%, which along with cerrado woodland 
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(22.1%) makes more than half the Pantanal’s land cover.  This is interspersed with pockets of 
cerrado sensu stricto (14.3%), marshes (7.4%), semideciduous forest (4.0%), gallery forest 
(2.4%), and floating mats (2.4%), all together known as the “Pantanal complex”, (Mittermeier 
2005).  These habitats give refuge to the wealth of biota in the Pantanal.   
When taking into account the differences in landscape and hydrology, the Pantanal can be 
divided into three main subregions: the Alto Pantanal, Medio Pantanal, and Baixo Pantanal, 
(Mittermeier 2005).  Each region has specific qualities in regards to degree of flooding, and 
therefore habitat types.  With relatively high altitudes for the wetland, the Alto Pantanal 
experiences minimal flooding (30-40cm change in water level) for only two to three months each 
year, (Alho 1988).  Permeating this region are numerous tributaries flanked with palisades 
forests of palms and semideciduous and deciduous trees that flood during the rainy season.  At 
higher elevations exist dense semidecidous forests surrounded by dry or seasonally inundated 
grasslands known as campos limpos, (Alho 1988, Mittermeier 2005).    This region experiences a 
strong influence on its biota from the Amazon and Cerrado, (Alho 1988).  Located between the 
Alto and Baixo, the Medio Pantanal is the transition zone of the two.  It experiences a heavier 
degree of flooding than the Alto Pantanal, with a duration of up to three or four months, (Alho 
1988).  Lastly, the Baixo Pantanal occurs at the lowest elevations of the wetland and undergoes 
almost complete inundation during the wet season.  There are numerous lagoons, baias, mostly 
permanently flooded throughout the year.  The level grasslands, campos, are completely 
overwhelmed during the rainy season besides a few small hamlets of forest, capoes, able to 
endure the flooding due to slightly higher elevation, (Alho 1988, Mittermeier 2005).  Fauna and 
flora of the Baixo Pantanal resemble that of the Cerrado as well as the Chaco of Paraguay, (Alho 
1988).  The forests in each of these regions are defined by their dominant species.  Paratudais 
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are designated for the gold flowering Tabebuia aurea, while carandazais for the wax palm 
species Copernica alba, (Mittermeier 2005). Despite being known as the largest freshwater 
wetland in the world, the Pantanal does contain some salt water, complementing the 
distinctiveness of the biome.  Brackish lakes (Salinas) in the Nhecolandia subregion are created 
from ridges of sand and calcium carbonate layers, (Mittermeier 2005).   Easily seen, the Pantanal 
is a very complex network of a variety of habitats, each unique in its combination of properties.   
When one gazes upon the breadth of the Pantanal wetlands, it is astounding how intact 
the vast floodplain is.  “Pantanal of Mato Grosso is one of the very few examples of the 
sustainable management of a tropical ecosystem over a period of centuries by European 
colonists,” (Junk 2002).  Yet with the enormity of the Pantanal, comes the necessity to look 
beyond just where there is water.  When one looks at the Pantanal itself, one can see an 
underdeveloped utopia brewing with life, but when one takes into account the entirety of the 
Pantanal watershed, a starker image is rendered, (Swarts 2000).  Unfortunately, this important 
biome is gravely threatened.  In 1985, a New York Times release stated that the Pantanal was 
undergoing a “steady deterioration over the past ten years”, especially alarming as it was written 
more than thirty years ago (Riding 1985).  The Pantanal is suffering an onslaught of many 
different threats to its prosperity.  Illegal poaching though markedly reduced still threatens river 
otters, caiman, and jaguars for their coats and skins, while the exotic pet trade hones in on the 
brilliantly colored parrots and macaws, (Mittermeier 2005).  Overfishing in the Pantanal has 
resulted in the decreased presence of fish in rivers and tributaries, deteriorating the health of the 
wetland ecosystem, (Alho 1997).  Frequently in recent years, fishermen are reporting severe 
reductions in catches.  These threats, along with others, asunder the precious wetlands of the 
Pantanal.   
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Yet, the greatest of these threats is that of the unsustainable soybean monoculture 
agroindustry around the perimeter of the Pantanal. Prior to the 1700s, the Pantanal was occupied 
only by a few pockets of indigenous populations, but as colonization spread even to the deep 
center of South America, the Pantanal became exposed to European pioneers, whom began the 
origins of the cattle ranching industry, (Mittermeier 2005).  This took hold of the region and 
became the predominant economic practice for those settled in the Pantanal. Yet, for the many 
centuries that it occurred, cattle ranching had minimal impact due to the low-density herd 
traditional practices and suitability of the grassland habitats for grazing, requiring little forest 
clearing, (Alho 1988).  The Pantanal area remained relatively stable during this time and 
economic practices peacefully coexisted for the most part with the natural ecosystems.  
However, with governmental incentives for colonization of more remote areas of Brazil in the 
1930s, the Pantanal area began to feel the strain associated with increased occupation, (Arvor 
2012).  The attraction of the incentives brought farmers into the region, establishing the initial 
competition with cattle ranching.  Utilizing more traditional practices at the time, however, the 
farming of a variety of different crops suited for the region had minimal impact on the Pantanal.  
Soybean had been present as a crop since the beginning of the 20
th
 century in Brazil but was only 
planted for experimental purposes; this all changed in 1941, when the first intensive production 
of soybean occurred in the State of Rio Grande do Sul with 9,146 tons of soy harvested, (Alves 
2003).  Still, soybean was relatively mediocre initially and sparse in cultivation.   
Again, with the government seeking to bolster the agroindustry, more incentives were 
provided.  Focused mainly on wheat expansion, these incentives indirectly spurred soybean 
production into fruition as it was known as the “ideal summer crop” after the winter reap of 
wheat, (Alves 2003).  Subsequently, soybean began to expand into greater Brazil as a 
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supplement to the wheat expansion.  The range of soybean migrated from the Southeastern states 
of São Paulo and Rio Grande do Sul, through Santa Catarina, Paraná, and Minas Gerais in the 
1960s and 1970s, and further on to establish itself in the Cerrado regions of Mato Grosso do Sul, 
Goiás, western Bahia, Rondônia, Tocantins, and especially Mato Grosso, (Alves 2003).  This 
expansion was expedited by the infrastructure established out in the West of Brazil to encourage 
development.  In 1964, the East-West BR-364 road was built and then followed by the North-
South BR-163 road in 1973, (Arvor 2012).  This made the West more accessible via paved 
highways, which was more attractive to industry whose reach had not penetrated that far West.  
It was an untapped resource that had suddenly become available.  The Cerrado was initially 
avoided due to poor soil incapable of producing fecund crop harvests, but EMBRAPA the 
Brazilian agricultural research center had created soy strains adapted for the tropical climate of 
the West, (Bickel 2003).  This tore down any obstacles interfering with soy expansion. To 
capitalize even further, the government removed strictures preventing development in Amazon, 
freeing cheap public land out West to the private sector, (Arvor 2012).  This marked the turn of 
soybean from just a cover crop to an industrial cash crop.  Soy producers flocked to Mato Grosso 
especially, and brought with them the sentiment of industrial mechanized agriculture, further 
emboldened by the newly economic-focused government, after the cease of military in 1984, 
(Arvor 2012).  Consequently, this cartel between the government and farmers resulted in the 
soybean industry to be Brazil’s economic juggernaut. 
Today, the soybean industry is the economic lifeblood of Brazil.  With only three million 
hectares in 1970, Brazil hurdled to 18.5 million hectares in 2003, producing a harvest of 52 
million tons that year, (Bickel 2003).   Such immense crop yields and expansion were the 
products of incessant government incentives and the adoption of agriculture intensification.  
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Governmental programs in the 1980s, originally for the purpose of supporting small farmers 
cultivating rice for the domestic market, became abused by commercial soybean farmers dictated 
by the global market, (Bickel 2003).   In order to exploit the land as much as possible, 
intensifying practices, such as double cropping, were adopted in the 2000s, (Arvor 2012).  These 
practices have certainly benefited Brazil in the economic sector.   Brazil leads as one of the 
greatest soybean producers in the world, supplying 20% of the soybean exports in 2002, only 
second to the United States who produces 45%, (Alves 2003).  Though the United States may 
currently be the forerunner, it is relatively as developed as it can be.  The aforesaid cannot be 
attributed to Brazil as its soybean producers, scientists, lobbyists, and traders identify that 100 
million hectares are capable of yielding soy in addition to the current cultivated land, striving to 
overcome the United States hold on the top, (Bickel 2003).  As ambitious as this may sound, it is 
quite possible for this goal to be reached.  Brazil government programs have crafted disease-
resistant and poor soil-tolerant soybean strains that are the perfect height for mechanical 
harvesting, (Alves 2003).  Most breeding programs are projects still under EMBRAPA, the 
Brazilian Agricultural Research Corporation, mainly focused on at their Soybean Center in 
Londrina, Paraná and their Cerrado Center near Brasília, (Alves 2003).  As a result soybean 
plantations can occupy basically any region in Brazil and are perfectly adapted for industrial 
plantations.  Though an investment, the effort is worth it as the agriculture sector represents one-
third of the gross national products in Brazil, (Morton 2006).  With the success of soy comes 
success in economy.   
Yet, there would be no production without the demand.  The immense production of soy 
in Brazil is not for domestic purposes but due to the global demand for the crop, mainly from 
China and the Netherlands, (Fearnside 2001).  The world’s infatuation with soy is a result of the 
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high nutrition of soy, but not for humans.  Soy is ideal for the livestock feed industry, with 79% 
meal produced after processing and the protein content reaching as high as 40%, (Bickel 2003, 
Alves 2003).  After the mad cow disease crisis, its popularity grew as a healthier alternative feed 
as opposed to the carcasses of other cows, (Bickel 2003).  The success of the current economy in 
Brazil has breached into the rest of society outside the agricultural market.  It has resulted in 
national pride and itself cultivated a national attitude towards development and expansion with 
little concern of the environmental ramifications, (Riding 1985).   This fervor in Brazil has led to 
few impediments for the unsustainable growth of the soy industry.  Typified “the Green 
Revolution”, Brazil’s aim is to maximize productivity and profit, rather than grow in a 
sustainable manner, (Bickel 2003).   In the short term, Brazil’s soybean practices return vast 
economic benefits, but it is the long term which is concerning. 
These unsustainable agriculture practices are fraught with issues but there is no sign of 
stopping.  With the support from international companies like Bunge, Cargill, Drefus, and ADM, 
soy harvests in Brazil are all pre-financed with a variety of technological, fertilizer, and 
pesticides packages provided to farmers, (Bickel 2003).  With so much global investment in the 
Brazilian soybean industry, there is no possible way for the plantations to be unprofitable.  Nor, 
of course does Brazil want to cease this flow of income, paying off foreign debts and stabilizing 
its foreign trade balance, (Bickel 2003).  Numerous agriculture companies take part in the 
soybean industry but none have been as active in soybean expansion as the Maggi group.  
Exporting more than two million tons of soy a year (equating to more than $350 millon), the 
Maggi group is the figurehead of the soybean industry, (Bickel 2003).  Around 90% of their soy 
is exported directly to the United States and Japan, their main customers, (Bickel 2003). This 
company has aggressively taken soy production to unbridled levels.  Currently, the Maggi group 
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has about 95,000 hectares of soybean plantations as well as numerous storehouses strewn across 
Brazil, (Bickel 2003).  Of course, the corporation has numerous international sources of funding.  
Deutsche Investitions- und Entwicklungsgesellschaft, Dutch Rabobank, International Finance 
Corporation, and WestLB Bank all have given low interest loans in the millions to fuel the 
Maggi group expansion, (Bickel 2003).  With the power of the purse, the Maggi group, along 
with other soy corporations, is expanding their plantations rapidly.  As soybean expands its 
domain, it threatens the unique biomes of Brazil such as the Mata Atlantica, Amazon, and 
Cerrado, while also competing with domestic crops destined to be food, (Hausman 2012).  This 
unrestrained growth of soy lays waste to the natural landscape and hurts the citizens of Brazil.   
Deforestation has been rampant despite government strictures controlling the rate of 
clearing.  Código Florestal states that if primary forest, 80% must be preserved in legal reserves 
while only 35% for the Cerrado plains; yet, these laws are often ineffective as producers rarely 
comply with the law, (Bickel 2003).  Without enforcement there is no need to.  Though there are 
numerous crops that could be resulting in this deforestation, a study by Hausman exhibited that 
when soybean prices were doubled, it directly increased soybean acreage by 24%, whereas 
sugarcane showed no change in expansion, (Hausman 2012).  Similar to this study, a cropland 
expansion analysis by Morton found a direct correlation (R^2 = 0.72) between deforestation for 
soy cropland and mean annual soybean price for that year, (Morton 2006).  Soy expansion seems 
to directly trigger deforestation compared to other crops, both for domestic and export purposes.  
In addition, soybean seems to expand faster in regions of ecological importance such as the 
Amazon and Cerrado, (Hausman 2012).  This greatly threatens the integrity of the natural 
ecosystems so evident in Brazil.   
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 Though many states in Brazil are experiencing the ravaging effects of soybean 
expansion, the state of Mato Grosso in the Center West region of Brazil suffers most.  The third 
largest state in the Legal Amazon with about 90 million hectares, it contains all three main 
biomes of Brazil: the Amazon in the north, and Cerrado and the Pantanal in the south, (Arvor 
2012, Bickel 2003).  This confluence of ecosystems makes Mato Grosso one of the most unique 
states in Brazil.  Unfortunately, Mato Grosso is the state with the highest deforestation rate and 
soybean production, (Morton 2006).  The current clearing activities are severely altering the 
ecologically valuable environment of the state.  Land clearing is limitless, as enforcement is 
lacking throughout the state.  Fundação de Meio Ambiente de Mato Grosso (FEMA), the state 
agency in charge of environmental protection, is severely understaffed with only 13 inspectors to 
monitor deforestation, as well as manage the 37 nature reserves (of which only seven are 
delineated) for the entire state, (Bickel 2003). In consequence, this has resulted in major forest 
clearings across Mato Grosso. Just in 2002 alone, Mato Grosso experienced a loss of 795,000 
hectares due to the deforestation occurring across the state, (Bickel 2003).  Most of this 
deforestation occurs in the south of the state.  Arvor’s spatial analysis study displayed 
disproportionate rates of deforestation in southern Mato Grosso, which can be explained by the 
historical occupation of the southern part as well as ease of clearing sparse forests of the Cerrado 
savannah rather than the denser ones of the Amazon, (Arvor 2012). Yet, more telling of the 
driver for this deforestation, is the fact that southern Mato Grosso has a distinct dry season, much 
more suitable for soy cultivation than the northern humid Amazon forests, (Bickel 2003).  As 
deforestation encroaches farther south, the more it encroaches on the Pantanal. 
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As mentioned previously, just as deforestation rates of Brazil in general have been shown 
to be directly related to soybean expansion, the same is exhibited in Mato Grosso, if not more so.  
Mato Grosso currently represents one of the most developed agroindustry states in Brazil 
especially in regards to soybean.  With almost 4.5 million hectares of soy area and a productivity 
rate of about 3.1 tons of soy per hectare, Mato Grosso is Brazil’s golden child of the soybean 
industry, representing one fourth of all soy area in Brazil, (Bickel 2003).  Within Mato Grosso 
there are three major agricultural hubs as well as an emergent one, producing mainly soy.  The 
first is located along the BR-163 road and surrounds Sorriso, the second is West in the Chapada 
dos Parecis around Campo Novo dos Parecis and Sapezal, the third is in the Southeastern part of 
Mato Grosso surrounding Campo Verde and Rondonópolis, and lastly, the fourth emergent soy 
hub is out East close to Querência, (Arvor 2012).  These four regions all border the Pantanal, 
creating strain on the integrity of the wetland.  The Central and Western soy hubs are expanding 
the fastest and actually are in the process of fusing to form a “soybean belt”, barricading the 
Cerrado from the Amazon and eliminating connectivity, (Arvor 2012).  As these soy hubs 
expand they result in further deforestation and alteration of precious habitats.   
Despite the fact that clearing occurred historically prior to the arrival of soybean for cattle 
pasture, the rate at which this clearing occurs as well as the extent of land affected is ultimately a 
complete contrast of past deforestation dynamics.  Between 2002 and 2003, Morton’s study 
found that while the portion of deforested area converted to pasture decreased from 78% to 66%, 
deforested area converted to cropland expanded from 13% to 23%.  The author also found that 
clearings for agricultural land were more than twice that for pasture, with an average of 333 
hectares and 143 hectares, respectively, (Morton 2006).   Currently, deforested land is more often 
cleared for the purpose of large scale agriculture practices.   Morton discovered that in 2006, 
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deforestation for croplands larger than 200 hectares was 28% of total clearings while that under 
200 hectares was only 6%, (Morton 2006).  Likewise, Bickel’s analysis found that farms larger 
than 10,000 hectares grew from 643 in 1980 to 767 in 1996, while smaller farms less than ten 
hectares dwindled from 23,900 to 9,800, (Bickel 2003).  These shifts in patterns have utterly 
changed the landscape of Mato Grosso in many areas.  In addition, land originally cleared as 
pastures is often converted to agriculture, along with their surrounding natural grasslands 
representing 36% of new crop area in Mato Grosso from 2001 to 2004, (Morton 2006).  The 
speed at which this is occurring is mortifying as well.  From 2001 to 2004, Morton found that 
more than 90% of clearings for agriculture were cultivated that same year, (Morton 2006).  With 
the current trend in soy agriculture to exploit the land as much as possible, a majority of the land 
clear becomes intensively farmed.  Arvor’s study discovered that at least 50% of the agricultural 
land in the central and western soy hubs was intensively cultivated, reaching a high of 90% in 
Lucas do Rio Verde of the central soy hub, (Arvor 2012).  These intensive practices are most 
often the utilization of double cropping systems and indirectly increase clearing rates for 
agriculture, accumulating greater profit to expand, (Arvor 2012).  With the culmination of large 
areas being deforested, the rapidity of the transformation, and the intensity of soybean practices, 
the spread of soy in Mato Grosso is certainly worrisome. 
Often not thought of though is the associated infrastructure with soy expansion and the 
positive feedback loop it establishes, encouraging further deforestation.  To initiate further 
encroachment of soybeans to undeveloped regions, the government has been investing in 
waterways, roads, and railroads; which results in greater investment from the private sector, 
termed the “dragging effect,” (Fearnside 2001).  This intensive expansion of infrastructure can 
seriously debilitate the environment of Mato Grosso.  Worst of all, when the environmental 
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impact of soybean farms is assessed, the hazards of infrastructure is not included, (Fearnside 
2001).  Therefore, industrial soybean farms cause far greater damage than initially considered.  
The complications from these developments are numerous and potent in their environmental 
effects.  Roads especially seem to encourage development.  The merging of the previously 
mentioned soy hubs of Central and Western Mato Grosso has been emboldened by the increase 
in state roads between BR-163 and the Chapada dos Parecis, (Arvor 2012).  With the emergent 
Eastern soy hub in Mato Grosso, its manifestation is also triggered by the paving of BR-258 and 
the railway to Maranhão, (Arvor 2012).  Evidently, federal government programs are the greatest 
instigators of this development.  With the enlistment of private investors, the federal government 
and Governor Maggi of Mato Grosso, who also happens to be CEO of the Maggi Group, were 
able to completely pave BR-163 road, (Bickel 2003).  This road directly links the state of Mato 
Grosso to one of the largest soy terminals in Brazil.  Spending over $20 million, Cargill opened a 
soy terminal right at the end of BR-163 in Santarém, Pará with the ability to export 800,000 tons 
of soy each year to the European and Asian markets, reducing transportation costs as much as 
20%, (Bickel 2003).   As a result, development along this road has been tremendous. Making 
matters even worse, soybean expansion has the capacity to expand up to 40 million hectares in 
Mato Grosso, (Bickel 2003).  This aggressive expansion is drawn from the ambitions of 
industrial soy producers responding to the global market.  This can easily be seen with the Maggi 
group which hopes to triple their soy cultivation area just in Mato Grosso alone, while 
endeavoring to double their soy area in all of Brazil, (Bickel 2003).  This irresponsibility poses 
significant threats to the health of Mato Grosso.   
In consequence of these deforestation events, the expansion of soy, and the establishment 
of infrastructure, the Cerrado biome in Mato Grosso has been seriously degraded.  In Brazil as a 
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whole, the Cerrado occupies 22% of its entirety, equating to 1,783 million km^2, (Jepson 2005).  
Yet, a large portion is located in the state of Mato Grosso.  The Cerrado is recognized as an 
extremely rich ecosystem, and considered a biodiversity hotspot and priority for conservation by 
the Brazilian Ministry of the Environment after the United Nations Convention on Biological 
Diversity, (Bickel 2003).  Despite this, it seems its environmental integrity is completely 
disregarded with the expansion of soy.  This is demonstrated easily in Mato Grosso where 30% 
of cropland expansion between 2001 and 2004 was conversion of the Cerrado tropical savannah 
and woodlands, (Morton 2006).  Though the Cerrado was originally a harsh environment for 
agriculture, soy producers have been able to overcome this.  Issues such as soil acidity, shorter 
days, Aluminum toxicity, minimal Calcium, and more have been able to be resolved by new soy 
strains providing higher yields, improved seed health, and resistance to the harsh climate, (Alves 
2003).  These strains make any part of Mato Grosso susceptible to the expansion of soy.  Though 
the Cerrado habitat is highly resilient and regenerates well upon abandonment, the occupation of 
soy seems far from leaving, (Jepson 2005).  The Cerrado has become just as productive as even 
the most enticing agriculture land elsewhere in Brazil.  Many farmers in the Cerrado are capable 
of achieving successful soybean yields of 4.0 tons per hectare, (Alves 2003).  Furthermore, much 
of this degraded Cerrado occupied by industrial soy plantations and infrastructure happen to 
tightly encompass the Pantanal wetlands. 
As mentioned prior, though the Pantanal is remarkably intact, there have been some 
alterations due to increased development that have had serious impacts on the health of the 
ecosystem.  Many of these development projects impose direct threats to the Pantanal wetlands, 
encouraging further development around, as well as potential development internally.  These 
projects are encouraged to make soy farming even more favorable in the region.  The drainage of 
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wetlands, creation of dams, and deviation of waterways have been shown to impact wetlands 
heavily, especially in regards to fish populations who suffer from impediments to their migration 
routes, (Junk 2002).  Due to the importance of fishing in the region, these alterations have 
wreaked havoc to this industry.  Some of the effects of infrastructure may have greater impact on 
certain species rather than others.  Despite their enormous bioabundance, the caiman and 
capybara may be greatly threatened by dam construction as the health of aquatic environments is 
crucial for their existence, (Ferreira 1980).  With losses in caiman and capybara, a food staple for 
many Pantanal creatures, the food web and ecosystem of the wetland suffer greatly.     
Development of the Pantanal has been of great controversy and has attracted some world 
attention.  Some projects have succeeded in being built and are deteriorating the Pantanal 
wetlands.  Overall there has been little alteration to the Rio Paraguai, the main artery of the 
Pantanal, (Junk 2002).  This has contributed greatly to the resilience of the Pantanal, yet 
modifications to the tributaries have been conducted.  The Manso River Dam has been of great 
concern, as it has manifested in irreparable damage to the fish populations, (Ferreira 1980).  As 
mentioned before, fish populations are important to both humans and the fauna as a food source.  
This dam has restricted water flow into the Pantanal and has transformed parts of the floodplain, 
(Junk 2002).  Another development in the Pantanal is the GASBOL pipeline.  Conveying natural 
gas from Bolivia to Southern, Central, and Western Brazil, its assembly and secondary 
infrastructure associated with it have immense potential to damage the Pantanal (Swarts 2000).  
The Taquari River is also under great stress from infrastructure.  Impoundments along the 
Taquari River’s length have resulted in low surface waters and have hampered flood waters from 
reaching the flood plain, (Ferreira 1980).   Despite its eventual termination, the Hidrovia Project 
is an important reminder of the potential destruction the Pantanal can suffer due to the economic 
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pressures of the soybean market.  The proposed project between Argentina, Bolivia, Brazil, 
Paraguay, and Uruguay would have altered the Rio Paraguai through dredging, removing rocky 
outcrops, creation of dams and dikes, and straightening of channels.  This would allow for 
landlocked countries to have ports and barges to easily navigate the floodplain, (Swarts 2000).  
Despite these economic benefits, the modifications would have severely impacted the integrity of 
the Pantanal and was fortunately apprehended.  However, private investors still modify the 
Pantanal through short-term individual projects that when accumulated can have an even greater 
impact than the Hidrovia Project, (Wade 1996).  Thus, despite the victory against the Hidrovia 
Project, there must be vigilance for similar and smaller projects.  Developing the Pantanal with 
infrastructure has serious ramifications and can completely change the wetland. 
Compared to the rest of the state of Mato Grosso, the Pantanal is relatively pure.  Despite 
being in the Southern region of Mato Grosso where accelerated deforestation is occurring, the 
Pantanal maintains its boundaries, (Arvor 2012).  Yet, the Cerrado, mentioned previously, has 
been tremendously affected by the expansion of the soy industry, and happens to cusp the 
Pantanal.  These upland savannah plateaus that surround the Pantanal, also known as 
“planaltos”, are the most important runoff source for the wetland, (Ferreira 1980).  Numerous 
rivers, such as the Rio São Lourenço, have their headwaters located in the Cerrado plateaus as 
well, (Casara 2012).  These sources of hydrology are the cornerstone of the Pantanal, and the 
health of the wetland is only as good as the water. The extensive monocultures of soybean in the 
Cerrado, despite outside the Pantanal, still pose a plethora of dangers to the Pantanal wetland via 
contamination of this hydrology, (Ferreira 1980).  One such threat is increased erosion and 
sedimentation, very apparent in the wetland.  Along the Rio Taquari, traditional farmers on the 
banks of the river have been flooded out due to the increased elevation of riverbeds, (Ferreira 
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1980).  Resulting erosion and sedimentation has the ability to severely corrode the wetland’s 
waterways. 
However, the most potent threat to the Pantanal very likely is pesticide pollution from the 
soy monocultures.  By applying pesticides to their soy crops, producers are able to ensure 
protection from pests, resulting in much greater yields, (Carvalho 2009).   Yet, pesticides not 
only damage their target species, but also numerous “bystander” species of the greater natural 
community in the surrounding environment.  Unfortunately, Brazil happens to be the top 
consumer of pesticides in the world believed to contain 700,000 tons, according to the Health 
Surveillance Agency, and is known as the greatest market for pesticides, with 107 companies 
legally able to utilize these products, (Avancini 2013).   This market continues to surge with a 
greater need for pesticides from the expansion of soy.  From 1993 to 2003, the Brazilian 
pesticide market had tripled, reaching $3.1 billion, (Recena 2006).  The Brazilian Ministry of 
Industry, Commerce, and Tourism complied figures on the importation of pesticides, showing 
that around 6,434,323kg of pesticides were imported for agricultural use in Brazil from 1990-
1992, (Alho 1997).  Estimations of pesticide use have also been conducted for specific regions of 
the Pantanal.  In a study, Yamaciro estimated the use of biocides in Mato Grosso do Sul between 
1985-1987 to be 765,520L and 115,427kg.  For the Rio Miranda, agronomists estimated that use 
of biocide was 52,608L and 14,752kg from 1985-1986, though EMBRAPA, the Brazilian 
Agricultural Research Corporation,  considers this to be 30% of the actual use while Yamaciro 
estimates 10%, (Ferreira 1980).  Unfortunately, there is difficulty in quantifying the amount of 
specific pesticide utilized in Brazil.     
Currently, there are numerous varieties of pesticide compounds utilized to protect soybean 
farms.  Despite this, organochlorine pesticides are most often utilized in developing regions due 
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to their affordability and effectiveness, (Famiglini 2008).  As mentioned previously, the Pantanal 
is surrounded by recently developed soy plantations and therefore makes the wetland extremely 
susceptible to organochlorine pesticide pollution.  As a compound class under the persistent 
organochlorine pollutants, organochlorine pesticides are extremely resistant to degradation by 
photochemical, biological, and chemical processes and are therefore able to be transported 
around the globe through atmosphere transport activities, even being found as far as the Arctic, 
(Carvalho 2009).   Their ability to penetrate into almost any environmental matrix, such as soil, 
water, sediment, and biota, creates great concern over the breadth of species they are able to 
disturb, (Carvalho 2009).  Organochlorine pesticides have been shown to bioaccumulate rapidly 
in ecosystems.  This is a result of their high lipophilicity as well as slow biotransformation, 
allowing for absorption by adipose tissue of fauna, (Avancini 2013).  This has been shown in 
numerous studies.  One such analysis by Kalyoncu in Konya, Turkey, found that both DDT and 
DDE easily accumulate in the adipose tissue of fish either through ingestion of contaminant or 
through bioconcentration by diffusion across their gills and skin, (Kalyoncu 2009).  This quality 
found in organochlorine pesticides generates serious environmental dangers.  As a result of this 
bioaccumulation, biomagnification can occur across many trophic levels and infect the food web, 
posing the most serious threats to the higher trophic species, (Carvalho 2009).  Organochlorine 
pesticides are also known for their acute toxicity to biota.  The mechanism resulting in their 
toxicity is that they interfere with ATPase which obstructs neural membrane ion transport, 
(Newman 2010).  Additionally, organochlorine pesticides have been shown to be mutagenic, 
carcinogenic, teratogenic, and initiate the production of free radicals, which can further impact 
immune response, reproductive systems, lipid metabolism, and transportation of glucose and 
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vitamins, (Avancini 2013).  With their stability, biomagnification potential, and toxicity, 
organochlorine pesticides are certainly potent contaminants.   
Amplifying their danger, pesticides are indiscriminately applied across soy plantations.  If 
applied in such a manner in the watershed of the Pantanal, this could result in surface runoff 
conveying the pollutants into the wetland’s waters, where they may be leached into the soil or 
taken up by the biota.  It is estimated that as much as five to ten liters of pesticides are applied 
for each hectare of soybean.  This can be seen by the 4.3 million kilograms of pesticide packages 
collected each year in Mato Grosso, though this is a conservative estimate as it is suspected that 
many packages are disposed in the wild to avoid the intensive cleaning process required by the 
collection agency, (Bickel 2003).  The pesticide application issue is of great concern as it is not 
only wasteful, but unnecessarily exposing ecosystems to extremely toxic compounds.  “It has 
been estimated by the National Research Center on Environmental Monitoring and Impact 
(CNPMA-EMBRAPA) that 70% of pesticide applications do not stay on the plant but are lost on 
the soil,” (Alho 1997).  As a result, these pollutants can easily enter the ecosystems.  Some 
studies have shown even worse statistics on the subject, with one stating that only 1% of 
pesticides applied are actually effective, while the rest is just left to pollute the environment, 
(Alho 1997).  This is certainly disheartening, as these inefficient application processes put at risk 
the balance of the wetland ecosystems.  The potency of the runoff is dependent on the amount of 
precipitation.  Surface runoff can transport as much as 1 to 2% of the applied dose during one 
extreme rain event, but is more often around .05%, (Casara 2012).  This mode of contamination 
is one of the most important pathways of exposing ecosystems to pesticides, especially for the 
Pantanal.  Additionally, many studies have shown that large scale wind dispersal of pesticides 
can occur, an often ignored pathway for contamination, (Newman 2010).  The Pantanal flood 
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cycle also complicates the situation.  During the wet season, the pesticides can spread across the 
entirety of the Pantanal, while in the dry season the pesticides can settle and become highly 
concentrated in small pools.  In these small pools, the pesticides come into intimate contact with 
the wildlife as these pools are where birds feed and fish spawn, (Riding 1985).  This is extremely 
worrisome to the health of the biodiversity and bioabundance of the Pantanal.   
Yet the fate of pesticides in the Pantanal region is largely unknown.  This is a result of few 
studies on pesticide stability in tropical regions.  The high temperatures associated with tropical 
climates could have the potential to accelerate degradation as it encourages chemical and 
microbial breakdown while also having the potential to conduct volatilization and solarization, 
(Newman 2010).   Such processes would accelerate the removal of the harmful pollutants from 
the ecosystem.  Yet, toxicity risk has been shown to increase with higher temperature, as well as 
promoting higher solubility in water and enhanced bioconcentration.  Depletion of oxygen in 
water due to increased temperatures may be an added stress to the organism that magnifies a 
toxicant’s effect, (Newman 2010).   In order to effectively confront pesticide pollution in the 
Pantanal, this knowledge is desperately needed.  If the less desirable traits are true, 
organochlorine pesticides may even be introduced father down past the Pantanal via the Rio 
Paraguai, putting at risk other ecosystems.    
Though few scientific studies have been conducted on the capability of pesticides entering 
the Pantanal, the few that have been done have been very informative.  One study analyzed the 
leaching potential of eight different pesticides which were introduced to oxisol topsoil samples 
from Cuiabá, Mato Grosso for 28 days, (Laabs 2000).  Through understanding the leaching 
potential of pesticides, one can hypothesize the likelihood of each pesticide being sequestered 
away into the soil or staying at the surface, where it can enter surface runoff.  The results of this 
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study showed that atrazine, metolachlor, and simazine have high soil mobility penetrating more 
than 15cm; endosulfane alpha, chlorpyrifos, trifluaraline, and monocrotofos were largely 
immobile; and gamma cyhalothrin was unable to penetrate into the soil, (Laabs 2000).  With 
most pesticides remaining at or near the surface, it seems that pesticides are more likely to enter 
runoff than be sorbed into the soil.  Investigative studies have been useful to qualify which 
pesticides are utilized in the region as well as quantify.  One study measured pesticide 
contamination of sediments from 25 sites in Mato Grosso and Mato Grosso do Sul, discovering 
only four (Permethrin, lambda-Cyhalothrin, Deltamethrin, and p,p’-DDT) of the 26 pesticides 
analyzed for, (Miranda 2008).  Permethrin was detected in five samples with concentrations 
ranging from 1.0 – 7.0μg/kg, lambda-Cyhalothrin in three samples ranging from 1.0 – 5.0μg/kg, 
Deltamethrin in one sample with a concentration of 20.0μg/kg, and p,p’-DDT in one sample with 
a concentration of 3.6μg/kg, (Miranda 2008).   From this study, it seems that pesticides are 
unlikely to be sequestered away in river sediments as well. Another on the headwaters of the Rio 
São Lourenço found that out of eight pesticides analyzed for in surface water, atrazine, 
metolachlor, and flutriafol were identified, with a frequency of 7.2, 4.3, and 7.2% respectively, 
(Casara 2012).  Concentrations for atrazine ranged from .18-.35μg/L, metolachlor from .5-.82 
μg/L, and flutriafol from .04-.46 μg/L, (Casara 2012).  From these investigative studies, it can be 
seen that a variety of pesticides are entering into the Pantanal region.   
Though often small in concentration, the presence of any pesticide is worrisome as even a 
trace amount can create some sort of hazardous effect on the ecosystem.  First, though the 
pesticides are often utilized to protect crops from potentially harmful insects, they can at the 
same time degrade beneficial insect populations, (Bickel 2003).  Unfortunately, many organisms’ 
exact responses to pesticides are unknown; however, it is more likely that the pesticides have 
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damaging effects.  For example, aquatic invertebrates are most likely impaired in the presence of 
pesticides, but this is unknown as no such study has been conducted in the Pantanal, (Alho 
1988).  It is for certain, however, that mammals and fish are detrimentally affected by the 
presence of pesticides.  For example, a large fish kill occurred in January 1984, due to the 
exposure of Endrin-20 CE, near Sidrolândia in Mato Grosso do Sul, (Alho 1998).  The powerful 
effects of pesticides on fish are very disconcerting to the fishing industry in the Pantanal which 
attracts tourists as well as for those who fish for subsistence.   
Most worrisome is the effect that increase pesticide exposure is having on human 
populations.  Humans can be exposed to pesticides via numerous pathways, one of which is the 
consumption of contaminated food products, (Kalyoncu 2009).  The potency of diet exposure in 
regards to organochlorine pesticides increases with the trophic scale due to biomagnification.  
These compounds are often found in fish, milk, dairy products, fruits, vegetables, meat, and 
poultry, (Avancini 2013).  This wide variety in food items exhibits how often exposure to 
organochlorine pesticides could occur.  In Avancini’s study on organochlorine compound 
contamination in cow’s milk from Mato Grosso do Sul, out of a 100 composite samples, 44% 
contained Aldrin, 36% contained sigma-DDT, 34% contained Mirex, 32% contained endosulfan, 
17% contained chlordane, 14% contained dicofol, 11% contained heptachlor, and 11% contained 
dieledrin, (Avancini 2013).  Some of these compounds are particularly toxic and is of great 
concern for the health of the region as well as those where this milk is exported to.  A similar 
study in Mato Grosso by the Federal University of Mato Grosso, found even more alarming 
levels in cow’s milk, (Avancini 2013).  Additionally, exposure often occurs from labor on these 
farms as well as just living in proximity to these farms.  A study on acute poisonings in Mato 
Grosso do Sul, found that in 2000, pesticide poisoning was as much as 34.2 per 100,000 
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inhabitants; this was much higher than the national average of 19.4 pesticide poisonings per 
100,000 inhabitants, (Recena 2006).  This could be attributed to the immense expanses of 
agricultural land in Mato Grosso do Sul, similar to Mato Grosso.  55.1% of the poisonings were 
men ages 15-49, most likely due to exposure during field labor, and children ages 5-14 
accounted for 6.6% of the poisonings perhaps facing exposure threats from playing near fields or 
accompanying parents to work, (Recena 2006).  This study also only accounts for the more acute 
poisoning cases, so it is unknown how many are suffering from sublethal pesticide poisoning 
effects.  About 54 poisoning reports were from the organochlorine pesticides Aldrin, DDT, and 
Lindane, (Recena 2006).  Poisoning from organochlorine pesticides is especially serious due to 
their toxicity, as mentioned above.   
As a result of their extreme toxicity to both humans and biota, organochlorine pesticides 
have been banned throughout the world.  In 1985, with Federal Decree No. 329/85, the Brazilian 
government officially banned organochlorine pesticides in order to prevent their use in 
agriculture and damaging effects to the environment, (Avancini 2013).  This was a huge step for 
Brazil as the government had in the past always encouraged agriculture expansion and 
production.  Yet, there is a difference between legislation and enforcement.  Regulations such as 
the 1989 Pesticide Law, which required for pesticides to be registered if produced, exported, 
imported, or used, offered a variety of loopholes, which with lack of enforcement, has led to the 
free trade and use of pesticides, (Alho 1997).  Consequently, the pesticide issue is even more 
difficult to address.  The smuggling of pesticides across neighboring country borders out West 
has been documented contributing to their black market sale and continued use, (Avancini 2013).  
As a result, organochlorine pesticides like DDT and endosulfan are most likely utilized 
frequently in soybean plantations.   
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Despite these dangers from organochlorine pesticides and the lack luster enforcement of 
their ban, there has been sparse research on their contamination of the Pantanal, disregarding the 
vast significance of the wetland.  As soybean development exponentially expands across 
Southern Mato Grosso, the Pantanal is further threatened by exposure to organochlorine 
pesticides.  Its vitality is of major importance as its functions in ecosystems are crucial to the 
overall environmental cohesion of South America.  Therefore, it is essential to understand the 
state of contamination from organochlorine pesticides at its heart: the main rivers that lace its 
expanse.  Water is the main conveyer of organochlorine pesticides and as such will be the 
absolute indication that organochlorine pesticide pollution is occurring in the Pantanal due to 
mechanized soybean infringement.  The most likely region of the Pantanal to suffer 
contamination would be the Northern Pantanal as it lies in Southern Mato Grosso where the most 
aggravated soy growth has been occurring.  Therefore, a qualitative and semiquantitative 
analysis of organochlorine pesticides in three major rivers of the Northern Pantanal was 
conducted.  A land cover analysis in a Geographical Information System (GIS) was also 
conducted to examine land use differences in each river’s watershed.  Through the knowledge of 
the integrity of this region, pesticide pollution may be effectively addressed before it is too late 
for the entirety of the Pantanal.   
3. Methods 
 
Sample Point Generation 
 
To assess the quality of the Pantanal, the Northern Pantanal in Mato Grosso was chosen 
as the study area due to its proximity to the vast soybean plantations in Southern Mato Grosso.  
The three main rivers of the Northern Pantanal: Rio Cuiabá, Rio Perigara/São Lourenço, and Rio 
Piquiri, were sampled.  These rivers are known locally to qualitatively vary in their purity as a 
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result of their vicinity to the capital of Mato Grosso, Cuiabá, and are listed above in supposed 
increasing quality, (Charles Munn pers. com.).  However, it must be noted that this is based 
without scientific investigation.  Using Google Earth imagery from 2003 (some portions of the 
rivers were from 2007, 2010, and 2011), river-bank areas were classified based on land cover 
type: forest, agriculture, urban, clear-cut, and exposed sediments.  The length of each land cover 
segment was measured in kilometers using Google Earth’s path ruler.  Sample points were then 
generated for each land cover segment using a stratified random sampling method.  I randomly 
selected distances within each land cover type segment using the random number generator 
function (RAND) in Excel.  Random distances were then placed on Google Earth using the 
placemark tool.  If a segment of the same land cover type exceeded 5 km from that sample point, 
I added another sampling point every five kilometers both upstream and downstream until there 
were less than five kilometers left to the a different land cover type.  In Google Earth, each 
placemark is attributed with latitude and longitude. I exported georeferenced sampling points to 
ArcGIS 10.0 (ESRI 2009) and converted the Google Earth files to files that can be imported into 
a GPS unit (Garmin GPSmap 60Cx).  Since it was unknown prior to field sampling whether 
could be sampled in the field, more sample points were generated than needed. 
Sample Collection 
 
Upon arriving to the Pantanal, I decided that each river would be sampled over a distance 
> 80 km.  For Rio Cuiabá ~92.5km were covered, for Rio Perigara/ São Lourenço ~80.1km, and 
for Rio Piquiri ~91.4km.  The sample course began at Porto Cercado on Rio Cuiabá near the first 
sample point (C.F17.2) and then progressed down Rio Cuiabá to the final sample point 
(C.A26.1).  From there a small tributary was taken to  Rio Perigara/São Lourenço and samples 
were collected starting with S.F3.1, proceeding downstream Rio Perigara/São Lourenço to the 
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final sample point (S.A1.1).  From Rio Perigara/São Lourenço, the course rejoined Rio Cuiabá at 
the confluence of the two, and proceeded downstream until the confluence of Rio Piquiri, into 
which the course continued upstream.  At P.F1.5, the first sample was collected and the course 
progressed back downstream to the final sample point (P.A4.2), finishing at Porto Jofre.  
Samples were only collected at the sample points while traveling downstream on the rivers.  Rio 
Cuiabá had a total of 24 sample points, Rio Perigara/ São Lourenço had 18, and Rio Piquiri had 
21.  Sample points were found utilizing the GPS Garmin device.  Figure 1 shows the sample 
points of each river.  Each sample point’s latitude and longitude is listed below in Table 1.   
 
Figure 1: Sample points of each river. The green line is Rio Cuiabá, purple line Rio Perigara/ São 
Lourenço and blue line Rio Piquiri. 
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Table 1: Latitude and longitude of each sample point. 
Point Latitude Longitude 
C.F17.2 16° 34.608'S 56° 26.144'W 
C.F17.3 16° 35.180'S 56° 26.704'W 
C.F17.4 16° 36.558'S 56° 26.789'W 
C.F17.5 16° 37.824'S 56° 27.171'W 
C.A20.1 16° 38.149'S 56° 27.331'W 
C.F18.1 16° 38.395'S 56° 27.727'W 
C.A21.1 16° 38.930'S 56° 28.233'W 
C.F19.1 16° 39.931'S 56° 28.781'W 
C.A22.1 16° 40.201'S 56° 28.089'W 
C.F20.1 16° 41.410'S 56° 27.986'W 
C.F20.2 16° 42.112'S 56° 29.023'W 
C.F20.3 16° 42.510'S 56° 29.734'W 
C.F20.4 16° 43.611'S 56° 30.405'W 
C.F20.5 16° 45.575'S 56° 29.618'W 
C.A23.1 16° 46.269'S 56° 29.994'W 
C.F21.1 16° 47.192'S 56° 30.809'W 
C.A24.1 16° 47.482'S 56° 32.242'W 
C.F22.1 16° 49.280'S 56° 33.969'W 
C.A25.1 16° 50.114'S 56° 34.633'W 
C.A25.2 16° 51.020'S 56° 36.378'W 
C.F23.1 16° 52.056'S 56° 37.041'W 
C.F23.2 16° 53.573'S 56° 36.303'W 
C.F23.3 16° 55.148'S 56° 37.622'W 
C.A26.1 16° 55.882'S 56° 38.000'W 
S.F3.1 16° 54.989'S 56° 11.190'W 
S.A3.2 16° 55.457'S 56° 13.558'W 
S.A3.1 16° 56.038'S 56° 15.552'W 
S.F2.2 16° 56.860'S 56° 18.169'W 
S.F2.1 16° 56.587'S 56° 20.083'W 
S.A2.3 16° 58.065'S 56° 22.228'W 
S.A2.2 16° 58.821'S 56° 24.005'W 
S.A2.1 16° 59.565'S 56° 26.165'W 
S.E1.1 17° 0.141'S 56° 27.298'W 
S.F1.6 17° 2.475'S 56° 28.876'W 
S.F1.5 17° 3.744'S 56° 31.083'W 
S.F1.4 17° 4.637'S 56° 32.622'W 
S.F1.3 17° 5.210'S 56° 33.068'W 
S.F1.2 17° 6.395'S 56° 34.583'W 
S.F1.1 17° 7.408'S 56° 34.434'W 
32 
 
S.U1.1 17° 8.355'S 56° 35.610'W 
S.A1.2 17° 8.935'S 56° 37.324'W 
S.A1.1 17° 9.641'S 56° 38.115'W 
P.F1.5 17° 14.457'S 56° 16.070'W 
P.F1.6 17° 15.514'S 56° 16.919'W 
P.F1.7 17° 16.160'S 56° 18.658'W 
P.F1.8 17° 17.136'S 56° 20.255'W 
P.F1.9 17° 16.012'S 56° 21.486'W 
P.F1.10 17° 18.009'S 56° 23.347'W 
P.F1.11 17° 18.708'S 56° 25.221'W 
P.F1.12 17° 19.042'S 56° 27.106'W 
P.F1.13 17° 18.096'S 56° 28.180'W 
P.A2.1 17° 17.884'S 56° 30.036'W 
P.F2.1 17° 18.441'S 56° 30.838'W 
P.A3.1 17° 19.134'S 56° 31.558'W 
P.A3.2 17° 19.094'S 56° 33.752'W 
P.A3.3 17° 19.875'S 56° 35.463'W 
P.F3.1 17° 19.814'S 56° 36.488'W 
P.F3.2 17° 19.985'S 56° 37.770'W 
P.F3.3 17° 19.646'S 56° 38.498'W 
P.F3.4 17° 19.427'S 56° 39.295'W 
P.F3.5 17° 19.358'S 56° 40.679'W 
P.A4.1 17° 19.357'S 56° 41.378'W 
P.A4.2 17° 18.470'S 56° 43.159'W 
 
Each river was sampled three times investigate possible temporal variation in putative 
pesticide concentrations. The first sample set was collected from 6/17/12 – 6/20/12.  
Unfortunately, one sample point was not collected due to human error during the first sample set: 
CA20.1.  The second sample set was collected from 7/11/12 – 7/13/12, while the third sample set 
was collected from 7/15/12 – 7/18/12.  It rained only once and briefly during the span of the 
study, 6/17/12 – 7/18/12, and occurred on 6/20/12.  Two cold fronts had moved in during the 
span of the study as well.  In total, 188 samples were collected. Unfortunately, for the second and 
third sampling, a fallen tree blocked the original course of continuing downstream Rio 
Perigara/São Lourenço and as a result I had to take an alternate route as close to the original 
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points as possible. I employed the GPS to find the nearest location to the associated sample 
point.  Being of the same watershed, this should not have interfered with the results.   
I used National Scientific 4mL screw top clear vials of Type 1, Class A, 33 Expansion 
Borosilicate glass to collect water samples.  All vials had passed the National Scientific Test of 
Conformance to ensure their effectiveness.  The boat was brought as close as possible to the 
sample point (no more than a 100m away.)  The vial was flushed three times with the water of 
the river, and then the water sample collected the fourth time.   
 
Organochlorine Pesticide Analysis 
 
Solid-Phase Microextraction (SPME) and Gas Chromatography-Mass Spectrometry (GC-
MS) were utilized to analyze the water samples.  SPME has been used often for pesticide 
analysis in water and is considered a well-established technique for such studies, (Beltran 2000).  
SPME has been found suitable for river water analyses containing organochlorine pesticides, 
(Jackson 1998), with limits of detection as low as parts per billion achieved for organochlorine 
pesticides, (Lopez 2001).  The versatility of SPME stems from its ability to extract and 
concentrate in a single step without the use of any solvents, (Jinno 1996).  For SPME, a 100 μm 
PDMS (polydimethylsilicone) fiber was utilized (Sigma Aldrich).  Studies have shown that 
PDMS fibers are the most efficient with greater extraction and reproducibility with lower 
equilibrium times as the adsorption layer thickness increases, such as the 100 μm thick fiber 
used, (Lopez 2001, Jackson 1998).   
The fiber was first primed or cleaned before each day of analysis to detect any 
instrumental noise and remove any contaminants that might be present on the fiber by inserting 
the fiber into the heated injection port at 280 
o
C of the GC-MS for about five minutes.  The fiber 
was then pulled from the GC-MS and allowed to cool for five minutes.  During this time the 
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water in the sample vial was agitated with a magnetic stir bar and stirrer.  Once the fiber had 
cooled, it was exposed directly into to the water sample while still stirring for fifteen to twenty 
minutes.  Direct immersion of the fiber, rather than headspace analysis, has been shown to 
significantly increase the adsorption of less volatile sample components such as pesticides 
(Lopez 2001).  Extraction times as low as two minutes have been used to account for pesticides 
present in other studies, so fifteen to twenty minutes was judged to be sufficient time, especially 
for adsorption of very low concentrations, (Jackson 1998).  Agitation allows for rapid extraction 
by increasing the probability that analytes will be in closer proximity to the fiber, (Pawliszyn 
2000).  For the first sample set, ~.70 g of NaCl was added to the samples in order to salt out any 
possible organochlorine pesticides in the sample.  The addition of salt increases the extraction of 
organic compounds in water by decreasing their solubility relative to the high solubility of salt in 
aqueous solutions (Beltran 2000).  However, the salt added resulted in the formation of salt 
deposits on the fiber and the surrounding protective sheath and was therefore ceased.  After the 
adsorption time was completed, the fiber was removed from the sample and immediately inserted 
back into the GC-MS for about five minutes to analyze for the organochlorine pesticides.  This 
was repeated for each sample vial.   
The GC was Agilent Technologies 6890N Network GC System.  A temperature ramp 
was constructed to analyze for chlorinated pesticides over a 23 minute period since they had a 
broad range of volatilities. The oven temperature was initially set at 120°C and held for one 
minute.  The first temperature ramp proceeded at 30°C per minute until the oven reached 180°C.  
At 180°C a second ramp occurred at a rate of 10°C per minute until reaching 290°C, which was 
held for the remaining ten minutes of the analysis.  During the optimization process, 14 minutes 
was first used, but then extended to 23 minutes to provide a better range for detecting less 
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volatile analyes. The original injection mode of the inlet was split, but then changed to splitless 
so that pesticide presence would be more readily detected.   The GC inlet was held at a 
temperature of 280°C, a pressure of 15psi, and the carrier gas utilized was helium.  The capillary 
column used for the separations was a Restek Rxi with a length of 30m, diameter of .25mm, and 
film thickness of .25μm consisting of a polydimethylsiloxane stationary phase.  The column flow 
was held constant with a flow of 1.3mL per minute.  The signal was collected at a rate of 20Hz 
for the method.  The thermal auxiliary (transfer line from the GC to the MS) was held at 280°C.  
The MS was an Agilent Technologies 5973 Network Mass Selective Detector.  A mass range 
from 40 to 450 amu was used, with a signal threshold of 150 (net ion counts to be considered a 
signal).   
In order to test if there was any degradation of the sample vial that might contaminate the 
water, one fresh National Scientific 4mL screw top clear vial (Type 1, Class A, 33 Expansion 
Borosilicate glass) was filled with deionized water and allowed to sit for over three months 
(12/21/12 – 4/8/13).  Then the same method for the sample vials was applied to this control.  A 
“Bake Out” method was also utilized to test if any contaminants were trapped in the column and 
therefore introducing noise into the analysis.  The resulting peaks from the GC-MS analysis were 
identified with the NIST Mass Spectra compound library.  Limits of detection were found by 
first creating a standard mixture by spiking of 0.010mL of an EPA Pesticide Mix standard 
solution (Supelco) into 4mL of deionized water.  The standard was contained in a methanol: 
methylene chloride mix (98:2).  The concentrations of each pesticide are listed below in Table 2 
as provided by the manufacturer.  The SPME fiber was then exposed to the mixture in the same 
manner as the sample vials, and the areas generated for each compound used to roughly establish 
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limits of detection for each pesticide as well as providing an estimate of the pesticide 
concentrations in the water samples. 
Table 2: Supelco EPA Pesticide Mix 
Pesticide Weight (μg/mL) 
Alpha-BHC 10.00 
Beta-BHC 9.99 
Gamma-BHC 9.98 
Delta-BHC 9.99 
Heptachlor 10.01 
Aldrin 10.00 
Endosulfan II (Beta) 20.00 
p,p'-DDE 20.00 
Dieldrin 20.00 
Endrin 20.00 
Endosulfan I (Alpha) 20.00 
p,p'-DDD 60.00 
Endosulfan Sulfate 60.00 
p,p'-DDT 59.98 
 
Land Cover Analysis 
 
To quantify the extent of soybean agriculture and other land cover types surrounding 
each river, I extracted extent of land cover types in ArcGIS 10.0. Exact locations of sample 
points marked with the Garmin GPS device were transferred into ArcGIS as point-shapefiles.  
Land cover extent and composition was based on the GlobCover land cover spatial data set 
(http://due.esrin.esa.int/globcover/). The GlobCover data set depicts 22 land cover types for the 
world. A poly-line shapefile was created for each river extending from the most downstream 
sample point of the river to ~370km upstream.   This was done to cover all the sample points as 
well as to account for  upstream potential areas of pollution, such as Cuiabá, the capital city of 
Mato Grosso, off of Rio Cuiabá.  Each of these shapefiles was then buffered by 2 km, 5 km, 10 
km, and 25 km to evaluate how land cover varies with distance from river.  GlobCover 2009 was 
utilized as the land cover map for the Pantanal.  Of their land cover types, the ones present in the 
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study area are listed below in Table 3 under original classification.  I used the reclassify tool to 
reclassify the land covers as shown in Table 3.  Using the “Extract by Mask” tool in ArcGIS, I 
extract the area of each land cover within each buffer.  From this the proportions of each land 
cover were compared between each river and each buffer size.  Figure 2 shows the study area on 
which the land cover analysis was conducted. 
 
Figure 2: Land cover analysis study area. 
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Table 3:  Reclassification table of GlobCover 2009 land covers.   
Original Classification Value Count 
New 
Values   Land Cover  
Rainfed croplands 14 27086 1 Agriculture 
Mosaic cropland (50-70%) / vegetation 
(grassland/shrubland/forest) (20-50%) 20 97697 1 Agriculture 
Mosaic vegetation (grassland/shrubland/forest) (50-70%) / 
cropland (20-50%)  30 62271 1 Agriculture 
Closed to open (>15%) broadleaved evergreen or semi-
deciduous forest (>5m) 40 74652 2 Forest 
Closed (>40%) broadleaved deciduous forest (>5m) 50 74786 2 Forest 
Open (15-40%) broadleaved deciduous forest/woodland 
(>5m) 60 20 2 Forest 
Mosaic forest or shrubland (50-70%) / grassland (20-50%) 110 441 3 Shrub/Grass 
Mosaic grassland (50-70%) / forest or shrubland (20-50%)  120 351 3 Shrub/Grass 
Closed to open (>15%) (broadleaved or needleleaved, 
evergreen or deciduous) shrubland (<5m) 130 101286 3 Shrub/Grass 
Closed to open (>15%) herbaceous vegetation (grassland, 
savannas or lichens/mosses) 140 10 3 Shrub/Grass 
Sparse (<15%) vegetation 150 24 3 Shrub/Grass 
Closed to open (>15%) broadleaved forest regularly 
flooded (semi-permanently or temporarily) - Fresh or 
brackish water 160 379 2 Forest 
Closed to open (>15%) grassland or woody vegetation on 
regularly flooded or waterlogged soil - Fresh, brackish or 
saline water 180 140748 3 Shrub/Grass 
Artificial surfaces and associated areas (Urban areas 
>50%) 190 364 4 Urban 
Bare areas 200 17 4 Urban 
Water bodies 210 2718 5 Water 
 
4. Results 
 
Organochlorine Pesticide Analysis 
 
The chromatogram from the standard mixture resolved the peaks clearly from which the 
specific retention times of each organochlorine pesticide could be found.  A sample 
chromatogram is shown in Figure 3.  
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Figure 3: Supelco pesticide mixture chromatogram. 
 
The estimated limit of detection for each pesticide was determined through the following 
calculations: 
 
[    ]  
      
         
 [    ] 
 
         
[    ]
 
                  
   
 
 
where [    ] is the pesticide concentration (μg/mL) in the original standard stock solution,        
is the volume (mL) of the standard solution  added to a blank water sample, ,        is the 
volume (mL) of water to which the spike was added, and [    ] is the pesticide’s final 
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concentration (μg/mL) in the spiked water sample. The limit of detection for each pesticide can 
be determined by comparing the area generated from a known concentration to the smallest 
estimated area that could be observed above the background signal, where            (units) is 
the respective pesticide peak area,                    (units) is the area of the smallest 
identifiable peak in the chromatogram, and     the limit of detection.  By solving this 
proportion one can determine a rough estimate for the limit of detection for that pesticide.  For 
example, for endosulfan sulfate: 
[         ]  
      
   
 [         ]         
 
               
[      ]
 
             
   
 
 
          
 
The retention time and limit of detection for each pesticide in the standard solution is shown in 
Table 4.  No limit of detection was quantified for delta-BHC as it formed a large band 
overlapping with other peaks.  
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Table 4: Standard mixture of the pesticides and their resulting retention times and limits of 
detection. 
Pesticide 
Retention 
Time (min) 
Conc 
(μg/mL) 
Diluted 
Concentration 
(μg/mL) 
Concentration 
(ppb) Area (units) 
Limit of 
Detection 
(ppb) 
Alpha-BHC 5.34 10.00 0.025 25 46265477 2 
Beta-BHC 5.50 9.99 0.025 25 27810210 3 
Gamma-BHC 5.74 9.98 0.025 25 76791205 1 
Delta-BHC 5.81 9.99 0.025 25     
Heptachlor 6.99 10.01 0.025 25 15846355 4 
Aldrin 7.56 10.00 0.025 25 50629426 1 
Endosulfan II 
(Beta) 8.61 20.00 0.050 50 230317653 0.6 
p,p'-DDE 9.01 20.00 0.050 50 150857029 0.9 
Dieldrin 9.09 20.00 0.050 50 162841409 0.8 
Endrin 9.41 20.00 0.050 50 12899580 10 
Endosulfan I 
(Alpha) 9.44 20.00 0.050 50 158135559 0.9 
p,p'-DDD 9.63 60.00 0.15 150 666325654 0.6 
Endosulfan 
Sulfate 10.12 60.00 0.15 150 232267173 2 
p,p'-DDT 10.31 59.98 0.15 150 11376070 40 
 
Each resulting chromatogram from the water samples was examined for organochlorine 
pesticide peaks utilizing the GC-MS data analysis program.  Any peak with a quality number of 
80 and above was considered a valid identification.  This is a measure of the mass spectrum for a 
given peak matching the masses and intensities of the peaks in mass spectra contained within the 
NIST library. The results from the chromatograms are shown in Table 5.  Many peaks that were 
omitted were the result of column bleeding, as was confirmed by a column bake out method that 
was run as well as the DI water run.  Retention times were compared to the Supelco EPA 
Pesticide Mix standard solution for the identification of individual pesticides.  
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 Table 5:  Catalog of analytes found in the spectra.  Green marks the beginning of a new sample 
point, red marks a missing sample point, and purple marks a compound of interest.  No entry for 
a sample point marks that no compound of interest was found for that sample point.   
Sample 
Set Point Name Qual 
1 CF17.2 Benzene, chloro- 94 
    p-Xylene 83 
    Benzene, 1,3-dimethyl- 83 
    o-Xylene 80 
    Benzene, bromo- 93 
    1-Hexanol, 2-ethyl 83 
    Cyclohexasiloxane, dodecamethyl- 91 
1 CF17.3 Toluene 93 
    Benzene, chloro- 94 
    p-Xylene 87 
    Benzene, 1,3-dimethyl- 89 
    Ethane, 1,1,2,2-tetrachloro- 96 
    Benzene, bromo- 97 
    1-Hexanol, 2-ethyl 83 
1 CF17.4 Benzene, chloro- 90 
    Benzene, bromo- 93 
1 CF17.5 Benzene, chloro- 93 
    Benzene, bromo- 93 
    Cyclohexasiloxane, dodecamethyl- 80 
1 CA20.1     
1 CF18.1 Benzene, chloro- 93 
    Ethane, 1,1,2,2-tetrachloro- 87 
    Benzene, bromo- 95 
    1-Hexanol, 2-ethyl 83 
1 CA21.1 Benzene, bromo- 93 
    o-Xylene 83 
    p-Xylene 83 
1 CF19.1 Benzene, chloro- 91 
    Benzene, bromo- 93 
1 CA22.1 Benzene, bromo- 93 
1 CF20.1 Benzene, bromo- 93 
    Phenol, 4,4'-(1-methylethylidene)bis- 90 
1 CF20.3 Benzene, chloro- 87 
    Benzene, bromo- 93 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
1 CF20.4 Benzene, chloro- 91 
    Benzene, bromo- 93 
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    Phenol, 4,4'-(1-methylethylidene)bis-  94 
1 CF20.5 Benzene, chloro- 87 
    Benzene, bromo- 93 
1 CA23.1 Benzene, chloro- 87 
    Benzene, bromo- 93 
    1-Hexanol, 2-ethyl 83 
    Phenol, 4,4'-(1-methylethylidene)bis- 91 
1 CF21.1 Benzene, bromo- 93 
    1-Hexanol, 2-ethyl 86 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
1 CA24.1 1-Hexanol, 2-ethyl 83 
    Benzene, bromo- 93 
1 CF22.1 Benzene, bromo- 93 
    Phenol, 4,4'-(1-methylethylidene)bis- 92 
1 CA25.1 Benzene, bromo- 93 
1 CA25.2 Benzene, bromo- 93 
1 CF23.1 Benzene, bromo- 93 
    Benzene, chloro- 81 
1 CF23.2 Benzene, bromo- 93 
1 CF23.3 Benzene, bromo- 92 
    Triphenylene 80 
1 CA26.1 Benzene, bromo- 93 
    Benzene, chloro- 91 
1 SF3.1 Benzene, bromo- 93 
1 SA3.2 Benzene, bromo- 84 
1 SA3.1 Benzene, bromo- 93 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    n-Hexadecanoic Acid 98 
1 SF2.2 1-Hexanol, 2-ethyl 83 
    Benzene, bromo- 93 
    Benzene, chloro- 87 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
1 SF2.1 p-Xylene 83 
    Benzene, bromo- 93 
    1-Hexanol, 2-ethyl 83 
    Phenol, 4,4'-(1-methylethylidene)bis- 93 
1 SA2.3 Benzene, bromo- 93 
    Phenol, 4,4'-(1-methylethylidene)bis- 93 
1 SA2.2 Benzene, bromo- 93 
    1-Hexanol, 2-ethyl 86 
1 SA2.1 Benzene, bromo- 93 
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1 SE1.1 Benzene, bromo- 90 
    1-Hexanol, 2-ethyl 86 
1 SF1.6 Benzene, bromo- 93 
1 SF1.5 Benzene, bromo- 93 
1 SF1.4 Benzene, bromo- 87 
1 SF1.3 1-Hexanol, 2-ethyl 80 
    Benzene, bromo- 91 
1 SF1.2 Benzene, bromo- 93 
    1-Hexanol, 2-ethyl 80 
1 SF1.1 Benzene, bromo- 93 
    1-Hexanol, 2-ethyl 86 
1 SU1.1 Benzene, chloro- 83 
    Benzene, bromo- 93 
    1-Hexanol, 2-ethyl 86 
1 SA1.2 Benzene, chloro- 93 
    Benzene, bromo- 93 
    1-Hexanol, 2-ethyl 86 
1 SA1.1 Benzene, chloro- 93 
    Benzene, bromo- 91 
    1-Hexanol, 2-ethyl 80 
1 PF1.5 Benzene, chloro- 81 
    p-Xylene 90 
    o-Xylene 87 
    Benzene, bromo- 93 
    1-Hexanol, 2-ethyl 90 
    n-Hexadecanoic Acid 95 
1 PF1.6 1-Hexanol, 2-ethyl 86 
1 PF1.9 Benzene, bromo- 87 
    Cyclohexasiloxane, dodecamethyl- 87 
1 PF1.11 Benzene, bromo- 87 
1 PF3.3 n-Hexadecanoic Acid 99 
    Pentadecanoic Acid 90 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    Octadecanoic Acid 95 
    Benzyl Butyl Phtalate 90 
    
 
99 
1 PF3.4 Benzene, bromo- 93 
1 PF3.5 Benzene, bromo- 89 
    n-Hexadecanoic Acid 96 
1 PA4.1 Benzene, bromo- 93 
1 PA4.2 Benzene, bromo- 93 
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2 CF17.2 Benzene, bromo- 93 
2 CF17.3 n-Hexadecanoic Acid 96 
2 CF17.4 1-Hexanol, 2-ethyl 80 
    n-Hexadecanoic Acid 98 
    Phenol, 4,4'-(1-methylethylidene)bis- 96 
    Octadecanoic Acid 90 
2 CF17.5 Phenol, 4,4'-(1-methylethylidene)bis- 93 
2 CA20.1 n-Hexadecanoic Acid 84 
    Phenol, 4,4'-(1-methylethylidene)bis- 97 
    Phenol, 2,4'-isopropylidenedi- 80 
2 CF18.1 Phenol, 4,4'-(1-methylethylidene)bis- 95 
2 CA21.1 Phenol, 4,4'-(1-methylethylidene)bis- 96 
2 CF19.1 Cyclotrisiloxane, hexamethyl- 86 
    Cyclopentasiloxane, decamethyl- 81 
    Cyclohexasiloxane, dodecamethyl- 90 
    Phenol, 4,4'-(1-methylethylidene)bis- 96 
2 CA22.1 Phenol, 4,4'-(1-methylethylidene)bis- 89 
2 CF20.1 18,19-Secolupan-3-ol, (3.beta., 17.xi.)- 91 
2 CF20.2 Tetradecanoic Acid 99 
    Pentadecanoic Acid 99 
    Tridecanoic Acid 92 
    Hexadecenoic Acid, Z-11- 95 
    9-Hexadecenoic Acid 94 
    Z-11-Tetradecenoic Acid 87 
    1,9-Tetradecadiene 80 
    n-Hexadecanoic Acid 98 
    I-(+)-Ascorbic Acid 2,6-dihexadecanoate 80 
    9-Hexadecenoic Acid, methyl ester, (Z)- 93 
    Cyclopentadecane 90 
    14-Pentadecenoic Acid 83 
    Oleic Acid 83 
    Heptadecanoic Acid 96 
    1-Octadecene 97 
    E-14-Hexadecenal 97 
    1-Hexadecene 92 
    1-Hexadecanethiol 86 
    Dichloroacetic Acid, 2-tetradecyl ester 81 
    2-Chloropropionic Acid, pentadecyl ester 81 
    9-Octadecenoic Acid, (E)- 99 
    Oleic Acid 99 
    Cyclohexane, 1-(1,5-dimethylhexyl)-4-(4-methylpentyl)- 94 
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    1-Docosene 92 
    1-Hexadecene 92 
    Z-10-Tetradecen-1-ol acetate 83 
    Octadec-9-enoic Acid 97 
    6-Octadecenoic Acid, (Z)- 96 
    9-Hexadecenoic Acid 81 
    Octadecanoic Acid 99 
    9,12-Octadienoic Acid (Z,Z)- 96 
    Cyclopropaneoctanal, 2-octyl- 89 
    11-Dodecen-1-ol trifluoroacetate 83 
    9, 17-Octadecadienal, (Z)- 81 
    Eicosanoic Acid 91 
    
2,2,3-Trimethyl-3-(3,8,12,16-tetramethyl-heptadeca-3,7,11,15-
tetraenyl)-cyclohexanol 99 
    Squalene 99 
    
2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23,-
hexamethyl-, (all-E)- 86 
    
Docosa-2,6,10,14,18-pentaen-22-al, 2,6,10,15,18-pentamethyl-, 
all-trans 90 
    2,6,10,14,18-Pentamethyl-2,6,10,14,18-eicosapentaene 93 
    Cholesta-3,5-diene 89 
2 CF20.3 p,p'-DDD 97 
    Endosulfane Sulfate 94 
    n-Hexadecanoic Acid 94 
    Phenol, 4,4'-(1-methylethylidene)bis- 97 
2 CF20.4 n-Hexadecanoic Acid 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 97 
    p,p'-DDD 93 
    m,p'-DDD 93 
    Mitotane 89 
    18,19-Secolupan-3-ol, (3.beta., 17.xi.)- 90 
2 CF20.5 Phenol, 4,4'-(1-methylethylidene)bis- 94 
    m,p'-DDD 97 
    p,p'-DDD 95 
    Mitotane 91 
2 CA23.1 Phenol, 4,4'-(1-methylethylidene)bis- 98 
    p,p'-DDD 80 
    
Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl- 90 
2 CF21.1 Phenol, 4,4'-(1-methylethylidene)bis- 94 
    p,p'-DDD 95 
    m,p'-DDD 95 
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    Mitotane 86 
2 CA24.1 Tetradecanoic Acid 98 
    n-Hexadecanoic Acid 98 
    Phenol, 4,4'-(1-methylethylidene)bis- 95 
    Squalene 80 
2 CF22.1 Phenol, 4,4'-(1-methylethylidene)bis- 98 
2 CA25.1 Benzyl Butyl Phtalate 87 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    p,p'-DDD 99 
    m,p'-DDD 95 
    Mitotane 94 
2 CA25.2 Pentadecanoic Acid 91 
    n-Hexadecanoic Acid 98 
    
Benzenamine, N-[4-(1-methylethyl)benzylidene]-4-(1-
pyrrolidylsulfonyl)- 91 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    Octadecanoic Acid 90 
    p,p'-DDD 96 
    Mitotane 95 
    m,p'-DDD 95 
2 CF23.1 n-Hexadecanoic Acid 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    Mitotane 90 
    m,p'-DDD 90 
    p,p'-DDD 90 
2 CF23.2 n-Hexadecanoic Acid 97 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    p,p'-DDD 90 
    Mitotane 90 
    m,p'-DDD 90 
2 CF23.3 n-Hexadecanoic Acid 96 
    Phenol, 4,4'-(1-methylethylidene)bis- 95 
    m,p'-DDD 93 
    p,p'-DDD 93 
    
Benzenamine, N-[4-(1-methylethyl)benzylidene]-4-(1-
pyrrolidylsulfonyl)- 90 
2 CA26.1 Phenol, 4,4'-(1-methylethylidene)bis- 96 
2 SF3.1 Cyclohexasiloxane, dodecamethyl- 91 
2 SA3.2 n-Hexadecanoic Acid 96 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    
Benzenamine, N-[4-(1-methylethyl)benzylidene]-4-(1-
pyrrolidylsulfonyl)- 92 
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    n-Hexadecanoic Acid 98 
2 SA3.1 18,19-Secolupan-3-ol, (3.beta., 17.xi.)- 92 
    Phenol, 4,4'-(1-methylethylidene)bis- 96 
2 SF2.2 Pentadecanoic Acid 91 
    n-Hexadecanoic Acid 99 
    Tridecanoic Acid 89 
    Tetradecanoic Acid 89 
    Heptadecanoic Acid 89 
    1-Hexadecene 92 
    Cyclohexadecane 92 
    Bromoacetic Acid, pentadecyl ester 86 
    Trichloroacetic Acid, pentadecyl ester 86 
    Phenol, 4,4'-(1-methylethylidene)bis- 97 
    Octadecanoic Acid 99 
    Octadecanoic Acid, 2-(2-hydroxyethoxy)ethyl ester 90 
2 SF2.1 Cyclohexasiloxane, dodecamethyl- 90 
    Hexadecenoic Acid, Z-11- 87 
2 SA2.3 n-Hexadecanoic Acid 99 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    Octadecanoic Acid 99 
    Benzyl Butyl Phtalate 94 
2 SA2.2 n-Hexadecanoic Acid 99 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    Octadecanoic Acid 99 
    Tetradecanoic Acid 83 
    18,19-Secolupan-3-ol, (3.beta., 17.xi.)- 90 
    n-Hexadecanoic Acid 97 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    Octadecanoic Acid 91 
2 SA2.1 18,19-Secolupan-3-ol, (3.beta., 17.xi.)- 93 
    n-Hexadecanoic Acid 95 
2 SF1.5 Phenol, 4,4'-(1-methylethylidene)bis- 84 
2 SF1.4 
Benzenamine, N-[4-(1-methylethyl)benzylidene]-4-(1-
pyrrolidylsulfonyl)- 90 
2 PA3.2 
Morphinan, 7,8-didehydro-4,5-epoxy-17-methyl-3,6-
bis[(trimethylsilyl)oxy]-, (5.alpha.,6.alpha.)- 93 
2 PF3.1 18,19-Secolupan-3-ol, (3.beta., 17.xi.)- 93 
2 PF3.5 18,19-Secolupan-3-ol, (3.beta., 17.xi.)- 86 
2 PA4.1 18,19-Secolupan-3-ol, (3.beta., 17.xi.)- 93 
3 CF17.5 n-Hexadecanoic Acid 95 
3 CA20.1 n-Hexadecanoic Acid 96 
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    Tridecanoic Acid 83 
3 CF18.1 n-Hexadecanoic Acid 95 
3 CA21.1 n-Hexadecanoic Acid 99 
3 CA22.1 18,19-Secolupan-3-ol, (3.beta., 17.xi.)- 83 
    n-Hexadecanoic Acid 90 
3 CA23.1 n-Hexadecanoic Acid 93 
3 CA24.1 
 
90 
    n-Hexadecanoic Acid 95 
3 CF22.1 n-Hexadecanoic Acid 96 
3 CA25.1 n-Hexadecanoic Acid 98 
    E-15-Heptadecenal 97 
    1-Nonadecene 93 
    Cholesta-3,5-diene 97 
3 CA25.2 n-Hexadecanoic Acid 97 
    Tridecanoic Acid 86 
3 CF23.2 n-Hexadecanoic Acid 91 
3 CF23.3 n-Hexadecanoic Acid 93 
3 CA26.1 Octadec-9-enoic Acid 95 
3 SA3.2 n-Hexadecanoic Acid 97 
3 SA3.1 n-Hexadecanoic Acid 98 
    Tetradecanoic Acid 91 
    Cyclohexadecane 92 
    E-14-Hexadecenal 84 
    1-Heptadecene 80 
3 SF2.2 n-Hexadecanoic Acid 98 
    Tridecanoic Acid 94 
    Pentadecanoic Acid 80 
    1-Hexadecene 90 
    Cyclotetradecane 91 
    1-Hexadecene 89 
    7-Hexadecene [Z]- 89 
    Cholesta-3,5-diene 92 
3 SF2.1     
3 SA2.3 1-Pentadecene 95 
    n-Hexadecanoic Acid 98 
    Cyclohexadecane 90 
    Cholesta-3,5-diene 96 
3 SA2.2 Pentadecanoic Acid 91 
    1-Hexadecene 96 
    5-Octadecene, (E)- 80 
    n-Hexadecanoic Acid 98 
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    Oleic Acid 83 
    1-Eicosanol 93 
    Octadec-9-enoic Acid 98 
    Octadecanoic Acid 81 
    Cholesta-3,5-diene 95 
3 SA2.1 n-Hexadecanoic Acid 99 
    Cyclohexadecane 97 
3 SE1.1 Phenol, 4,4'-(1-methylethylidene)bis- 98 
3 SF1.6 1-Hexadecene 92 
    n-Hexadecanoic Acid 90 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    1-Octadecene 95 
3 SF1.5 Cyclotetradecane 98 
    n-Hexadecanoic Acid 99 
    1,13-Tetradecadiene 97 
    5-Octadecene, (E)- 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    Nonadecane 95 
    2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl- 89 
    Hexadecane 89 
    Cholesterol 91 
3 SF1.4 7-Acetyl-6-ethyl-1,1,4,4-tetramethyltetralin 86 
    Cyclotetradecane 94 
    n-Hexadecanoic Acid 90 
    1-Octadecene 97 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
3 SF1.3 Phenol, 4,4'-(1-methylethylidene)bis- 98 
3 SF1.2 n-Hexadecanoic Acid 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 97 
    1-Hexadecene 91 
    Cholesta-3,5-diene 90 
3 SF1.1 n-Hexadecanoic Acid 96 
    3-Hexadecene, [Z]- 95 
    1-Octadecene 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    Benzyl Butyl Phtalate 97 
3 SU1.1 1-Hexadecene 93 
    n-Hexadecanoic Acid 96 
    1-Octadecene 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    Eicosane 91 
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    Cholesta-3,5-diene 97 
3 SA1.2 7-Hexadecene [Z]- 91 
    n-Hexadecanoic Acid 97 
    1-Hexadecene 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 96 
    Cholesta-3,5-diene 90 
3 SA1.1 
Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
hexadecamethyl- 90 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
3 PF1.5 Homosalate 99 
    Oxybenzone 97 
    E-15-Heptadecenal 99 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
3 PF1.6 n-Hexadecanoic Acid 98 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    9,12-Octadienoic Acid (Z,Z)- 95 
    E-15-Heptadecenal 83 
3 PF1.7 n-Hexadecanoic Acid 91 
    Oxybenzone 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 98 
3 PF1.8 n-Hexadecanoic Acid 89 
    1-Octadecene 96 
3 PF1.9 n-Hexadecanoic Acid 98 
    1-Heptadecene 95 
3 PF1.10 n-Hexadecanoic Acid 95 
    7-Heptadecene, 1-chloro- 86 
    Phenol, 4,4'-(1-methylethylidene)bis- 96 
3 PF1.11 
 
99 
3 PF1.12 Phenol, 4,4'-(1-methylethylidene)bis- 95 
3 PF1.13 Cyclohexadecane 95 
    1-Octadecene 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 92 
3 PA2.1 Phenol, 4,4'-(1-methylethylidene)bis- 97 
3 PF2.1 Phenol, 4,4'-(1-methylethylidene)bis- 95 
3 PA3.1 Phenol, 4,4'-(1-methylethylidene)bis- 95 
3 PA3.2 Phenol, 4,4'-(1-methylethylidene)bis- 96 
3 PA3.3 Phenol, 4,4'-(1-methylethylidene)bis- 92 
3 PF3.1 Phenol, 4,4'-(1-methylethylidene)bis- 92 
3 PF3.2 Phenol, 4,4'-(1-methylethylidene)bis- 95 
3 PF3.3 E-14-Hexadecenal 95 
    n-Hexadecanoic Acid 98 
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    Phenol, 4,4'-(1-methylethylidene)bis- 98 
    Cyclotetradecane 96 
    Benzyl Butyl Phtalate 98 
    Triphenyl Phosphate 96 
    Nonadecane 93 
    Eicosane 92 
3 PF3.4 1-Nonadecene 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 96 
    1,3-Bis(trimethylsilyl)benzene 83 
    Triphenyl Phosphate 95 
    
2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23,-
hexamethyl-, (all-E)- 99 
3 PF3.5 Cyclopentadecane 94 
    n-Hexadecanoic Acid 95 
    1-Hexadecene 95 
    5-Octadecene, (E)- 95 
    Phenol, 4,4'-(1-methylethylidene)bis- 96 
    Farnesol Isomer a 90 
3 PA4.2 Phenol, 4,4'-(1-methylethylidene)bis- 96 
 
Ten samples were found to contain organochlorine pesticides, all in the downstream 
portion of the Rio Cuiaba on the second trial.  The three organochlorine pesticides found were 
endosulfan sulfate, m,p’-DDD, and p,p’-DDD.  The concentrations of the pesticides in the vials 
were found through the following calculation: 
            
[    ]
 
               
[       ]
 
 
where               (units) is the area of the peak for that specific pesticide in the standard 
mixture, [    ] is the concentration (μg/mL) of the specific pesticide in the standard mixture, 
                (units) is the area of the peak for that specific pesticide in the sample vial, and 
[       ] is the concentration (μg/mL) of the specific pesticide in the sample vial.  For 
endosulfan sulfate: 
               
[      ]
 
               
[       ]
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[       ]       
 
The sample points where these pesticides were found and their estimated concentration are 
displayed below in Table 6.  For sample 2.CF23.1, the area under the peak for m,p’-DDD could 
not be determined and therefore no concentration could be estimated.  Figure 4 shows the sample 
points where these pesticides were found. 
 
 
Figure 4: Pesticide contamination of sample points. Yellow points where there was pesticide 
contamination and blue points where there was no pesticide contamination. 
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Table 6:  Pesticides determined in the samples and their estimated concentrations. 
Sample Pesticides Quality 
Retention 
Time (min) 
Area 
(units) 
Concentration 
(ppb) 
2.CF20.3 p,p'-DDD 97 9.608 2337414 0.5 
  Endosulfan Sulfate 94 10.107 4471859 3 
2.CF20.4 p,p'-DDD 93 9.607 12003714 3 
2.CF20.5 m,p'-DDD 97 9.608 4450436 1 
2.CA23.1 p,p'-DDD 80 9.728 3954233 0.9 
2.CF21.1 m,p'-DDD 95 9.643 3083846 0.7 
2.CA25.1 p,p'-DDD 99 9.616 16549889 4 
2.CA25.2 p,p'-DDD 97 9.655 80760036 20 
2.CF23.1 m,p'-DDD 95 9.603 N/A N/A 
2.CF23.2 m,p'-DDD 90 9.612 13293493 3 
2.CF23.3 m,p'-DDD 93 9.598 13292353 3 
 
Land Cover Analysis: 
 
The subsequent values from the extract of each buffer for the three rivers were utilized to 
determine the dominant land cover around each river and how that might change with spatial 
scale.  The resulting compositions for Rio Cuiabá, Rio Perigara/São Lourenço, and Rio Piquiri 
are shown below in Figure 5, 6, 7, and 8 corresponding to buffers 2km, 5km, 10km, and 25km.  
There were no noteworthy changes spatially in land cover that server as proxy for increased 
pesticide pollution.  However, it did seem that as the buffers expanded for Rio Piquiri agriculture 
equated forest, whereas prior forest had greater land cover.  For Rio Cuiabá, agriculture was 
always less than forest.  For Rio Perigara/São Lourenço, agriculture was slightly larger than 
forest for each buffer.  Rio Cuiabá was also the only river with urban land cover but as the 
buffers expanded, was barely noticeable.  Each of the rivers had a strong presence of shrub/grass, 
but especially Rio Cuiabá and Rio Perigara/São Lourenço.     
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Figure 5: Land cover analysis for the 2km buffer 
 
 
Figure 6: Land cover analysis for 5km buffer. 
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Figure 7: Land cover analysis for 10km buffer. 
 
 
 
Figure 8: Land cover analysis for 25km buffer. 
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5. Discussion 
 
As determined by the study, there were low occurrences of organochlorine pesticides in 
the Northern Pantanal.  There were only ten contaminated samples all of which were from the 
second sample set and from the downstream portion of the Rio Cuiaba.  These organochlorine 
pesticides were endosulfan sulfate, p,p’-DDD and m,p’-DDD, at concentrations of 3ppb, 0.5 – 
20ppb, and 0.6 - 3ppb, respectively.  Low limits of detection, as low as 40ppb, were achieved 
through this analysis method.  This sensitivity is what makes SPME so favorable for qualitative 
analysis.  It must be stressed that the methods in determining pesticide concentration (as well as 
the limits of detection) are at best semi-quantitative.  This is because SPME is a trace analysis 
technique and if concentrations of the analyte are too high, active site saturation will occur, 
(Pawliszyn 2000).  Endosulfan sulfate is a derivative of endosulfan but is still extremely toxic 
and bioconcentrates, (Hoang 2011).  DDD is also a degradation product of DDT.  However, 
DDD is also applied as a pesticide so it is unclear whether the DDD found in the samples was 
from pesticide use or past DDT use, (Newman 2010).  Despite this, whether it was DDT or DDD 
that was applied, both are potent toxins.  Organochlorine pesticides were banned throughout 
Brazil in 1985, (Avancini 2013).   The presence of these pesticides in the Pantanal rivers 
suggests that this law is not enforced.   
The land cover analysis exhibited no clear trend to the presence of pesticides in Cuiabá.  
From correspondence with residents of the region, Rio Cuiabá was considered the most polluted 
river due to its proximity to the state capital, Cuiabá.  However, pesticide pollution is not a 
resultant of urban pollution but attributed to agriculture.  Percent land cover of agriculture was 
highest for Rio Piquiri, considered to be the cleanest river (Charles Munn pers. com.).  Rio 
Piquiri may be protected from pesticide contamination by having extensive forest patches 
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buffering it from runoff containing pesticides .  This is a result of pesticides having greater 
difficulty in transport when they are conveyed across forest, as opposed to grassland land cover, 
which provides little resistance to surface runoff.  Shrub and grass land cover was predominant 
for all rivers, yet at the 25km buffer, Rio Cuiabá had the highest percentage.  This may correlate 
to the presence of pesticides in the river.  However, how shrub and grassland land cover is 
distributed in each region must be assessed.  Strip vegetation, strips of flora reducing the flow of 
runoff, may be more prevalent in the land cover surrounding Rio Perigara/São Lourenço, known 
to prevent runoff transport of pesticides, (Casara 2012).  Conversely, bush and grassland may 
form a direct path for runoff to Rio Cuiabá.  An area of improvement in the land cover analysis 
would be spatial data that best represents the variety of agriculture found in Mato Grosso.  
Traditional agriculture is vastly different from industrial agriculture, and is not separated under 
the GlobCover spatial data set.  Results of the land cover analysis with an agricultural-based 
spatial data set may show correlations to pesticide pollution.   
Overall low incidence of pesticide pollution could be attributed to a few factors.  Prior to 
the dry season, a large flooding event often occurs sometime between February 20
th
 and April 
2st, lasting 10 to 20 days.  However before the summer of 2012 when the samples were 
collected, minimal flooding occurred, (Charles Munn pers. com.).  This may have eliminated a 
major pathway of pesticide entry into the Pantanal wetland and affected the results of the study.  
It is also possible that the results of this study reflect a transition from organochlorine pesticides 
to organophosphorus and/or carbamate pesticides.  There has been a growth of 
organophosphorous and carbamate pesticide imports in Brazil which may have reached Mato 
Grosso, (Alho 1997).  Organophosphorus pesticides degrade faster than organochlorine 
pesticides, yet are more toxic.  Carbamate pesticides have similar qualities, but seem to be 
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slightly less toxic than organophosphorus pesticides, (Newman 2010).  A broader pesticide 
analysis in the Northern Pantanal would be useful in determining the breadth of pesticides the 
wetland is exposed to.  Organochlorine pesticide dynamics in ecosystems are still poorly 
understood, especially in tropical regions, (Newman 2010).   Therefore, analysis of other 
environmental matrices, such as sediments and species tissue would be useful.  Organochlorine 
pesticides may be incorporated quickly into the food web or bind to sediments.  Temporal scale 
may have played a role as well.  This study was conducted during the dry season when flood 
waters recede drastically and rarely any precipitation, therefore eliminating any source of runoff, 
(Riding 1985).    An analysis during the wet season may exhibit greater water pesticide pollution 
despite greater dilution.  A dry season analysis of pesticide pollution in lagoons and pools may 
provide stronger insight as well, as there is greater concentration compared to free-flowing 
rivers.   
Endosulfan sulfate and DDD are very stable compounds, so it is unknown whether their 
occurrence in the water samples from the second collection was due to recent application or 
runoff processes.  Prior to the second sample set, it had rained though brief.  Wind dispersal is 
also a possibility for the introduction of pesticides, (Newman 2010).  As non-point source 
pollution, pesticide contamination is difficult to trace.  Agricultural nonpoint source pollution has 
devastating effects and has been found to be the leading source of water contamination of rivers 
and lakes and the second largest source of contamination to wetlands, (EPA 1).  However, due to 
the recent rapid expansion of soybean industrial plantations in Mato Grosso, it is certainly 
plausible that organochlorine pesticide pollution in the Pantanal traces from their infringement 
on the wetland.  With further growth in economy, the government can invest more into intensive 
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projects and expand the breadth of soybean impact, (Junk 2002).  More information is needed to 
solidify the link between soybean plantations and pesticide pollution in the Pantanal. 
  Yet, despite this, as the soybean megalith expands as global demand grows, the 
wellbeing of the Pantanal could potentially be jeopardized.  It is important for Brazil to look into 
the past as well as current time and see the failures that have occurred in other wetlands.  The 
Everglades in Florida is the most sorrowful of the reminders.  With farmland expansion and 
increased development of the wetland, the Everglades is now an environmental wound the 
United States government has been bandaging with billions of dollars, (Gottgens 2001).  China is 
experiencing similar agricultural growth adopting numerous green revolution technologies such 
as pesticide application, (Wu 1999).  As a result, China is contaminating its environment with the 
expansion of agriculture.  In this being the case there is a dire need for alternative pesticides.  
EMBRAPA, the Brazilian Agricultural Research Corporation, advises that for environmentally 
important regions, biological control methods should be utilized, while the State University of 
Sao Paulo is researching plant-derived and environmentally safe pesticides, (Alho 1997).  With 
the growth of the soybean industry, it is necessary that more environmentally-friendly methods 
be utilized for pest control as the implications of current ones are poisoning the Pantanal.  
Hopefully, Brazil can realize the immense value of the Pantanal rather than fall to the demands 
of the soybean industry.  Policymakers must remember that the reasons why the Pantanal is so 
economically valuable are due to its natural processes and that with too many alterations, the 
Pantanal’s degradation will take the soybean agriculture industry with it, (Ferreira 1980).  With 
the protection of the Pantanal from the soybean agroindustry, Brazil faces a brighter and more 
sustainable future.  
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